Thrombin induces epidermal growth factor receptor transactivation and CCL2 expression in human osteoblasts.
Thrombin is a key factor involved in the stimulation of fibrin deposition, angiogenesis, and proinflammatory processes. Abnormalities in these processes are primary features of rheumatoid arthritis (RA). The aim of this study was to investigate the intracellular signaling pathways involved in thrombin-induced CCL2 expression in human osteoblasts. Thrombin-mediated CCL2 expression was assessed by quantitative polymerase chain reaction and enzyme-linked immunosorbent assay. The mechanisms of action of thrombin in different signaling pathways were studied using Western blotting. Knockdown of protease-activated receptor (PAR) protein was achieved by small interfering RNA (siRNA) transfection. Chromatin immunoprecipitation assays were used to study in vivo binding of c-Jun to the CCL2 promoter. Transient transfection was used to examine activator protein 1 (AP-1) activity. Stimulation of human primary osteoblasts and MG-63 cells with thrombin induced CCL2 expression. PAR-1-specific siRNA (but not other PAR siRNA) was involved in thrombin-mediated up-regulation of CCL2. Thrombin-mediated CCL2 production was attenuated by the thrombin inhibitor PPACK, the protein kinase Cδ (PKCδ) inhibitor rottlerin, the c-Src inhibitor PP2, epidermal growth factor receptor (EGFR) inhibitor AG-1478, MEK inhibitors PD98059 and U0126, or AP-1 inhibitors curcumin and tanshinone IIA. Stimulation of cells with thrombin increased PKCδ, c-Src, EGFR, MEK, and ERK activation. Treatment of osteoblasts with thrombin also increased c-Jun phosphorylation, AP-1 luciferase activity, and c-Jun binding to the AP-1 element on the CCL2 promoter. Our results suggest that the interaction between thrombin and PAR-1 increases CCL2 expression in human osteoblasts via the PKCδ/c-Src/ EGFR transactivation/MEK/ERK/c-Jun/AP-1 pathway.